Residues within the conserved helicase motifs of UL9, the origin-binding protein of herpes simplex virus-1, are essential for helicase activity but not for dimerization or origin binding activity.
UL9, an essential gene for herpes simplex virus type 1 (HSV-1) DNA replication, exhibits helicase and origin DNA binding activities. It has been hypothesized that UL9 binds and unwinds the HSV-1 origin of replication, creating a replication bubble and promoting the assembly of the viral replication machinery; however, direct confirmation of this hypothesis has not been possible. Based on the presence of conserved helicase motifs, UL9 has been classified as a superfamily II helicase. Mutations in conserved residues of the helicase motifs I-VI of UL9 have been isolated, and most of them fail to complement a UL9 null virus in vivo (Martinez R., Shao L., and Weller S. (1992) J. Virol. 66, 6735-6746). In addition, mutants in motifs I, II, and VI were found to be transdominant (Malik, A. K., and Weller, S. K. (1996) J. Virol. 70, 7859-7866). Here we present the characterization of the biochemical properties of the UL9 helicase motif mutants. We report that mutations in motifs I-IV and VI affect the ATPase activity, and all but the motif III mutation completely abolish the helicase activity. In addition, mutations in these motifs do not interfere with UL9 dimerization or the ability of UL9 to bind the HSV-1 origin of replication. Based on the similarity of the helicase motif sequences between UL9 and UvrB, another superfamily II member with helicase-like activity, we were able to map the UL9 mutations on the structure of the UvrB protein and provide an explanation for the observed phenotypes. Our results indicate that the helicase function of UL9 is indispensable for viral replication, supporting the hypothesis that UL9 is essential for unwinding the HSV-1 origin of replication in vivo. Furthermore, the data presented provide insights into the mechanism of transdominance of the UL9 helicase motif mutants.